The H+/ATP stoichiometry was determined for an anion-sensitive H+-ATPase in membrane vesicles believed to be derived from tonoplast.
accompanying paper (5) , evidence was presented strongly supporting the proposal that the anion-sensitive H4-ATPase associated with low density membranes is oftonoplast origin. Furthermore, these low density membranes are tightly sealed vesicles as evidenced by the large ionophore stimulation of ATPase activity and by the ability to measure the generation ofATP:Mg-dependent pH gradients. The extremely high ionophore stimulation of ATPase activity (>300%) in the low density membrane preparation suggested that a very high proportion, if not all, of the ATPase activity was present in sealed vesicles and coupled to H4 transport. It could, therefore, be a useful preparation in estimating the stoichiometry ofcoupling between H4 transport and ATP hydrolysis.
The determination ofcoupling stoichiometries for several iontranslocating ATPases has been a major goal in recent years (1, 12-14, 18, 22) . A knowledge of the stoichiometry of coupling for Na4 and K4 transport by the Na4/K4-ATPase of animal cells is important in understanding the electrogenic properties of this ion-translocating ATPase (8) . Similarly stoichiometry ofcoupling for H' and K+ transport by the gastric H4/K4-ATPase is important in evaluating the energetic competence of this ATPase to sustain the large pH gradients observed in vivo (13, 14) . The stoichiometry for H4 transport by the plasma membrane HW-ATPase of plant cells has also been of concern to plant cell electrophysiologists because this stoichiometry influences the maximal ion gradients sustainable across the plasma membrane (12, 18, 22) . Estimates of the H4/ATP stoichiometry of the plasma membrane H4-ATPase of plant cells, based on electrophysiological evidence, indicate that 2 H4 are transported per ATP hydrolyzed whereas in Neurospora this stoichiometry is apparently 1 (22) . Relatively little attention has been paid to the energetics ofH4 transport at the tonoplast. However, recently the transport processes associated with this membrane have become accessible to biochemical characterization (5, 6, 10) . In this report we look directly at the stoichiometry of coupling between H4 transport and ATP hydrolysis in a tonoplast membrane fraction.
A model illustrating the coupling of H4 transport to ATP hydrolysis by a H4-ATPase is shown in Figure 1 . As indicated in equation 1 (Fig. 1) , the maximal electrochemical potential gradient for H4 (A,4H')3 that can be formed by the H4-ATPase is a function ofthe free energy of hydrolysis of ATP (AGATP) and the stoichiometry of H4 transported per ATP hydrolyzed (n). If one assumes that the H4 pump is operating near equilibrium in vivo, then the H4/ATP stoichiometry (n) can be estimated from a measurement of AliH+ across the membrane in question and a knowledge of AGATP in the cellular environment (1) . Using a similar, thermodynamic, approach with isolated membrane vesicles is complicated by the high conductance of the isolated vesicle membranes to H4 which prevents the development of maximal ion gradients in vitro (14) .
In order to avoid problems associated with H4 leaks in membrane vesicles, a kinetic rather than thermodynamic approach has been favored in estimating H4/ATP stoichiometry of the gastric H4/K4-ATPase (13, 14) . This kinetic method involves comparisons of the initial rates of proton influx with the initial rates of ATP hydrolysis. Under initial rate conditions, H4 gradients are small and so the initial rates of H4 transport should not be affected by H4 leaks. This latter approach has been used here to estimate the H4/ATP stoichiometry ofthe anion-sensitive H4-ATPase from red beets, believed to be oftonoplast origin (5 (Fig. 2) . The time course of alkalinization is similar to that of fluorescence quenching of 9-aminoacridine and levels off after about 6 min (Fig. 2) . The leveling off of fluorescence quenching has been previously attributed to active H+ influx and passive H+ efflux approaching equilibrium (6) . This equilibrium of fluxes is also apparent in measurement of the alkalinization of the vesicle (Fig. 2) . After the development of a pH gradient across the vesicle membrane, both the change in external medium pH and quenching of 9-aminoacridine fluorescence is completely reversed by addition of the channel-forming ionophore, gramicidin (Fig. 2) (21) and gastric microsomal vesicles (13, 14) .
The time course of ATP hydrolysis is also shown in Figure 2 . The tracing is taken from a spectrophotometric recording of NADH oxidation (A3.0) in the NADH-coupled ATPase assay ("Materials and Methods"). ATP 
DISCUSSION
The approach used here to arrive at an H+/ATP stoichiometry of 2 for the red beet anion-sensitive H4-ATPase is best described (2) where AG°'`TP is the standard free energy of ATP hydrolysis, R is the gas constant (e.g., 1 .987 cal mol' K-'), and T is absolute temperature (296 K). The standard free energy of ATP hydrolysis (AGo'ATP) at pH 7.5 and 1.0 mm Mg2e is approximately -9.5 kcal mol-' (2) . ADP/ATP ratios are relatively constant at 0.3 in plant cells (7, 9) (Fig. 3) .
The three lines in Figure 3 kcal mol'.
-10.5 kcal mol1' (equivalent to -450 mv mol').
The box inset in Figure 3 (19) .
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